Abstract -To achieve biologically inspired robot control conditions. He also investigated the mutual inhibition architectures based on neural oscillator networks, goal-directed networks to control the frequency and pattern in the neural imitation is addressed with respect to the problem of motion rhythm generator [2] . Taga and design anonlinear system based on the neural oscillator. particular its enhanced entrainment by numerical simulation. We
attain the goal of the demonstrated motion. This requires neural oscillator networks to adapt to the non-periodic nature of system Katayama et al.
[4] addressed a nonlinear neural arbitrary input patterns exploiting their entrainment properties.
model with the harmonic balance method to design desired However, even in the most widely-used Matsuoka oscillator, output patterns. Cao et al. [5] proposed the genetic algorithm when an unknown quasi-periodic or non-periodic signal is based method to build up desired neural oscillator networks. applied, its output signal is not always closely entrained. Williamson [6] presented the neuro-mechanical system, where Therefore, current neural oscillator models may not be applied to the artificial neural oscillator was coupled with the physical the proposed goal-directed imitation for skill learning. To solve this problem, a supplementary term is newly included in the arm, an appleieutodrobo arm ctontl. Aehniou [7] suggested equation of Matsuoka oscillator. We verify general properties of the multiple-input descrinbmg function technique to evaluate the proposed model of the neural oscillator and illustrate in and design anonlinear system based on the neural oscillator. particular its enhanced entrainment by numerical simulation. We
In this paper, the entrainment-enhanced neural oscillator also show the possibility of controlling dynamic responses of (EENO) is proposed to improve existing neural oscillators. In oscillator-coupled mechanical systems. adapted to the imitator's body. Through this sequence as is Fig. 2 Schematic diagram of the MNO illustrated in Fig. 1 , the regenerated motion data is mapped
The MNO consists of two simulated neurons arranged in into the imitator's motion space. In practice, the dynamics mutual inhibition as shown in Fig. 2 [1], [2] . If gains are adaptation process fundamentally relies on the entrainment properly tuned, the system exhibits limit cycle behavior. 
2) Rhythmic patterned outputs of the EENO both oscillators. Note that we introduce the integral controller Fig. 7 The output signal of MNO entrained by the input signal term which is expected to eliminate the entrainment error. Practically, the integrator term improves the degree of the adaptation or the self-inhibition effect. Tuning some other 2)EntrainmentResultsoftheProposedOscillator parameters of the equation as well, this entrained output signal E ntrine can be controlled so that it follows the non-uniform multi-W/ t) phase input signal as closely as possible.
----j Generally, it has been known that the MNO exhibits the following properties: the natural frequency of the output signal increases in proportion to 1/T,~T he magnitude of the output signal also increases as the tonic input increases. T, and Ta -have an effect on the control of the delay time and the adaptation time of the entrained signal, respectively. Thus, as these parameters decrease, the input signal is well entrained.
And the minimum gain k, of the input signal enlarges the entrainment capability, because the minimum input signal is X E|j natural frequency of an input signal, the output signal of the neural oscillator locks onto an input signal well over a wide Fig. 8 The output signal of the EENO entrained by the input signal.
range of frequencies. However, even though above-mentioned parameters are optimally tuned, the main limitation still exists in the MNO. If a quasi-periodic or a non-periodic input signal is entered into the oscillator, the MNO sometimes would not remain perfectly entrained as shown in Fig. 7 . In this simulation, the values of Tr, Ta, and k were set as 0.04, 0.08, and 0.6, respectively. On the other hand, if we employ the BENO, the deviation from mechanical system model connected to the neural oscillator as illustrated in Fig. 11 . The 
Om
We simulated the dynamic response to a sinusoidal input to compare the entrainment properties of the iNO and the EENO. In Fig. 12 oscillator locked onto the unknown input signal with an optimally tuned parameter of the integrator. Specifically, the
